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One of the most reliable and advanced renewable energy sources is wind

energy. It is critical to harness as much wind energy as possible and maintain

wind turbines operating at full capacity. Maximum power point tracking (MPPT)

is a cutting-edge study that incorporates a variety of approaches. Because each

MPPT technique has its own set of advantages and disadvantages, developing

an accurate maximum power point tracking methodology for a certain case

necessitates understanding. As a result, they must be checked thoroughly. This

research tries to examinemany algorithms that can be used to improve thewind

energy system’s global MPPT performance. The traditional “Perturb and

Observe” tool, the optimization method based on the “particle swarm

optimization algorithm,” the neural network, and the “fuzzy logics” as

intelligent tools are these techniques. The main objective of this research is

to define and evaluate four different flexible algorithms that achieve the

fundamental objective of this optimization. The advantages, drawbacks, and

thorough analysis ofMPPT systems are highlighted in terms of initial investment,

responsiveness, and capacity to create maximum energy output. All of this

comparison was made through simulation software, which is the MATLAB

Simulink tool. The conclusions are supported by a comprehensive discussion

and presentation of the results for a variety of situations and tests that reflect

real-world behavior in any wind system.
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Abbreviations: Pv , wind power; Pe, electrical power; Paer , aerodynamic power; Cp , power coefficient
of the wind turbine; Vwind , wind speed; λ, tip speed ratio; Tem, electromagnetic torque; f, viscosity
coefficient of friction; ωm , mechanical angular velocity; Tmec , mechanical torque; P, number of poles;
Vabc, three-phase voltages passing through the stator windings; Vq, q-axis stator voltage; Vd, d-axis
stator voltage; iabc, three-phase currents passing through the stator windings; iq, q-axis stator
currents; id, d-axis stator currents; ψf , flux linkages established by the permanent magnets; ψd,
flux of the d-axis; ψq, flux of the q-axis; ωr , angular velocity of the rotor; L, inductance; Cout,
capacitor; Vint , input voltage; Vout , output voltage; Iout , output current.
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Introduction

Wind system: State of art

Despite several concerns such as international energy crises,

pollution, global warming, and so on, the world’s electrical energy

consumption continues to increase (Reddy et al., 2021). All energy

produced directly or indirectly from the Sun, wind, water, and

biosystems is classified as renewable energy (Kuang et al., 2016). In a

particular location and at a given time, these energies are limitless.

These energies can be classified into three main types of renewable

energy: mechanical (wave and wind), electromagnetic (photovoltaic

modules), and thermal (heat pumps) (geothermal, solar thermal,

etc.). In particular, wind energy can be converted into mechanical

energy to pump water or into electrical energy using appropriate

electrical generators. Because of the home and industrial purposes

related to the energy grid, this second type of conversion has grown

in popularity around the world (Kou et al., 2018).

Renewable energy sources (RES) are a viable alternative.

Wind energy is one of the most environmentally favorable

and commercially beneficial renewable energy sources.

Furthermore, until 2030, it is expected to contribute 20% of

global energy production.

Wind energy has developed dramatically in recent years as a

result of technological advancements, and it is now themost cost-

effective kind of renewable energy, especially after the

introduction of wind energy conversion to variable speed (VS-

WECS). Because they have various advantages over fixed-speed

systems, these systems have become the dominant technologies

in today’s wind sector. Wind turbines, whether on land or off,

have exceptional production capacities and are a feasible solution

for the most isolated areas with limited access to electricity

(Kazmi et al., 2011).

Wind power has proven to be the most reliable and

established renewable energy source over the previous few

decades (Lahfaoui et al., 2015). With the rising penetration of

wind generators into the power system grid, it is vital to utilize all

available wind power and run the wind turbine (WT) at its

optimum energy conversion output. For this to happen, the wind

energy conversion system (WECS) must track or function at

maximum power (MPP) (Gasmi and Ben Hamed, 2017), (Saihi

and Boutera, 2017). There are many publications on various

maximum power point tracking (MPPT) strategies for a WECS.

Making an exact MPPT strategy choice for a specific case,

however, requires substantial skill as each algorithm has its

own set of advantages and disadvantages. As a result, the

algorithms must be thoroughly examined. However, just a few

attempts have been made in this field (Khodayar et al., 2012).

MPPT control methods in literature

Based on the sensor required for computing WS, MPPT

control methods can be divided into two categories: sensor-

basedMPPT control methods and sensorless MPPT algorithms.

Sensor-based MPPT algorithms include MPPT strategies that

use an anemometer to determine the true wind velocity at any

given time, such as the wind velocity measuring method or tip-

speed-ratio (TSR) control. Sensorless MPPT algorithms are

strategies that do not rely on any equipment, such as an

FIGURE 1
WECS topology.
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anemometer, to monitor wind velocity in order to extract MP.

These control methods are indirect or may use techniques that

do not require WT system information or knowledge, such as

fuzzy logic (FL), neural network (NN), and ANFIS-based

strategies.

There are several reviews (Esram and Chapman, 2007; Reza

Reisi et al., 2013; Abo-Sennah et al., 2021) of MPPTmethods for

power generation systems (PGSs) in the present literature. Most

of the reviews (Bhatnagar and Nema, 2013; Hameed et al., 2019)

explored just traditional MPPT methods, but Ishaque and

Salam (Ishaque and Salam, 2013) and Salam et al. (Salam

et al., 2013) were focused on both traditional and PSC-

suitable approaches. When PSC happens, the power-voltage

(P-V) of the PV module’s characteristic curve becomes

complex, with several peak values. As a result, typical MPPT

approaches are inapplicable, not PSC.

The optimum power point in the WT system is determined

using the MPPT control approach. Kazmi et al. (Kazmi et al.,

2010) created an MPPT algorithm specifically for wind turbine

systems. It analyzed numerous MPPT for WT techniques and

concluded that the two control methods exposed in Kazmi et al.

(Kazmi et al., 2011) and Hui and Bakhshai (Hussain and Mishra,

2016) provide the best solution with self-tuning capabilities and

FIGURE 2
Equivalent circuit of the used DC–DC converter.

TABLE 1 P&O algorithm implementation steps.
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adaptable tracking. Some MPPT approaches for the WT system,

particularly those utilized for PMSG, have been compared (Xie

et al., 2013), and each specification was cited and used in a

comparison work. Researchers in (Abdullah et al., 2012a) divided

current approaches into nine groups based on measuring criteria

and performance specifications. The MPPT control, which

supposes that the pitch angle is fixed, can be used to

maximize power at low and high wind speeds (Saihi and

Boutera, 2017). Theoretical and experimental studies for a

low-cost stand-alone WT system used in rural and urban

locations, developing the MPPT technique by hill climb

seeking via perturbing and observation (Gomez et al., 2016).

The authors concentrated on PMSG-based wind energy systems

that used various MPPT control algorithms (Sarkar and Khule,

TABLE 2 Fuzzy algorithm implementation steps.
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2016). Lahfaoui et al. (Lahfaoui et al., 2015; Mohamed et al.,

2020) introduced dSPACE 1104 experimental optimization

based on the perturb and observe MPPT approach. In the

study by Kraiem et al. (2022), the authors used a specific

combination of fuzzy techniques and optimized and compared

it with Newton’s search algorithm.

Main study goal

This work presents a comparative examination of MPPT

approaches in wind production systems, which will help

researchers improve the efficiency of wind energy systems using

the DC–DC power electronic converters (Engineering et al., 2014).

TABLE 3 PSO-MPPT algorithm implementation steps.
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Basically, the standard perturb and observe control topology, the

optimized MPPT, using the particle swarm optimization tool is

compared (Hussain and Mishra, 2016). However, and in a second

position, the intelligent solution, the fuzzy and neural controllers

were adapted to this option tomake the comparisonmore attractive.

The choice of these controllers was based on the literature, which

has proven the efficiency of these tools in many problems to be

resolved or optimized (Kou et al., 2018). The proposed analysis was

based on the power measurement, by a direct power controller. The

pros and demerits of the various MPPT algorithms are also

highlighted in terms of complexity, wind speed requirement,

prior training, speed responses, and the capacity to obtain the

maximum energy production (Dikshit and Tripathi, 2012).

Normally, even if the ambient conditions change, maximum

power point tracking (MPPT) algorithms seek to offer maximum

power for each time. It is critical to collect the most available

power from the wind energy conversion system (WECS) at all

times in order for investors to recoup the system’s capital cost

quickly. But, it is clear that this quantity of power is proportional

to the control MPPT chosen method. So, the suggested method’s

performance was tested in a variety of wind conditions, including

rapid changes in wind speed and a stochastic wind profile.

Study organization

This study is divided into five subsections. First, the

introduction section is formatted and presents four subsections.

Second, the wind energy conversion system is explained, by

showing and discussing all the mathematical models and main

blocks. In the third section, the maximum power point tracking

principle is explained, and the selected control algorithms are

explained and discussed. Four subsections were included inside,

each one having the nomination of the corresponding used

TABLE 4 NN-MPPT algorithm implementation steps.
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controller. In the next section, the results are shown and discussed.

Finally, the conclusion, explains the study and shows the possible

future endeavors of this work.

Description of the wind energy
conversion system

Wind energy conversion system:
Mechanical part

There are different WECS topologies according to the

generator and power converter unit used (Kraiem et al., 2022).

The used WECS architecture is given in Figure 1. It comprises

basically the mechanical wind system that is in contact directly

with the wind speed variable and moves it to the electrical motor.

This one is in connection directly with the converter system that

basically consists of a controller rectifier and a boost converter for

generating the DC power that can be used in an isolated firm or

saved into a battery pack (Lahfaoui et al., 2015) or to be reusedwith

a DC/AC inverter to reuse the energy in sinusoidal form.

The wind power Pv is defined by the following expression 1)

and the aerodynamic power Paper of the turbine is then

mentioned in Eq. 2.

Pv � ρS

2
V3

wind. (1)

Paer � CpPv � Cp(λ, β) ρS2 V3
wind. (2)

The tip speed ratio is expressed in Eq. 3.

λ � R.Ω
V

. (3)

Wind energy conversion system: Electrical
part

Based on the relation between the electrical torque and the

mechanical torque comprising the mass of the generator and the

turbine, the mechanical angular speed of the turbine is expressed

by Eq. 4.

J
dωmec

dt
� Tg − Tem − f.ωmec. (4)

The rotor reference frame can be used to characterize the

PMSG’s dynamic model. On the d and q axes, the voltage is given

by Eqs 5, 6.

vq � −Rsiq + lq
diq
dt

+ ωeψd, (5)

vd � −Rsid + lq
did
dt

− ωeψq + ωeλm, (6)

where Vd; Vq; Id; iq; Ld, and Lq are two-axis machine voltages,

currents, and inductances, Rs is machine resistance per phase,

km is the amplitude of the flux linkages provided by the

permanent magnet, and ѡe = p ѡm is the electrical angular

TABLE 5 Different MPPT algorithm specifications.

Specification intern Values/formula

P&O-MPPT Perturb coefficient D = 0.01

Fuzzy-MPPT Input 1: W-speed variation ωr(k) − ωr(k − 1)
Defuzzification 5

Input 2: E-power variation Pe(k) − Pe(k − 1)
Defuzzification 5

Input 3: DC voltage variation VDc(K) − VDC(k − 1)
Defuzzification 5

Rules number 125

Activation function Sigmoid

PSO-MPPT Inertia weight (w) 0.1

Personal learning coefficient c1 1.7

Global learning coefficient c2 1.5

Number of iterations N 100

Number of particles P 10

Sampling time 0.0001s

Initial duty cycle 0.4

NN-MPPT Input 1: E-speed variation -

Input 2: W-speed variation -

Number of 1st hidden layer neurons 3

Number of 2nd hidden layer neurons 3

Number of outer layer neurons 2

Activation function Sigmoid

Training steps 2000

TABLE 6 Wind system specifications.

Unit Description Parameter Value

Boost converter Capacitance C 600 µf

Inductance L 8,7 mH

Inductance resistance rl

PMSG Electromagnetic torque Tem 30N.m

Number of poles P 4

Magnetic flux ψf 0.1119 web

Angular velocity of the rotor ωr 2376 tr/min

Wind turbine Power Pv 4500 W

Base wind speed vω−min 12 m/s

Rotational speed ωm 250 rad/s
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FIGURE 3
Wind speed form, used for the simulation step.

FIGURE 4
Electrical generator rotor speed (rpm).

FIGURE 5
Electromagnet torque (N.m).
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velocity for p is pole pairs. The electromagnetic torque of PMSG

excited by the wind turbine can be written as given below.

Tem � 1
2
p[(ld − lq)idiq − λmiq. (7)

Operation and design of converters

The generator’s return electromotive force (EMF) is made up

of a three-phase sinusoidal voltage that is transformed to DC

voltage (Vin) by a diode rectifier. On the DC side, the MPPT is

controlled by altering the duty ratio of the DC boost converter

(Jeong et al., 2012). The voltages generated by the three-phase

generator are denoted as standard sinusoidal functions.

After the PMSG generates electricity, the used boost

converter (BC) will take care of the electric signal and try to

control its variation (Abdullah et al., 2012a; Mohamed et al.,

2022).

Figure 2 depicts the boost converter equivalent circuit for

generator control. Vin is regulated by the boost converter via

current or voltage regulation. A grid-connected inverter controls

the DC-link voltage Vdc.

In this diagram, L and Cf denote the converter’s filter and Rc

denotes the equivalent series resistance of the filter capacitor. To

investigate the nonlinear system, the state-space model can be

FIGURE 6
Outputted voltage from the DC/DC converter side, with the different control MPPT tools. (A) P&O MPPT case, (B) PSO MPPT case, (C) neural
network MPPT case, and (D) fuzzy MPPT case.

TABLE 7 Different MPPT control algorithms influence outputted voltage specification.

Maximum voltage at
maximum wind speed
(V)

Maximum oscillation (V) Maximum exceeding voltage
at speed variation
(V)

Classification

MPPT P&O 60 13 37 4

MPPT PSO 122 4 49 3

MPPT NN 122 2 36 2

MPPT Fuzzy 121 2 28 1
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obtained. The state vector and input vectors for the DC–DC

circuit analysis are derived from Eq. 8.

x � [Vc

IL
], u � [VDC

I0
]. (8)

Eq. 8 can be used to calculate the voltage and current state

equations, resulting in the system of Eq. 9.

L
dIL
dt

� RCCf
dVC

dt
+ VC → L _x2 � RCCf _x1 + x1; I0

� IL + C
dVc

dt
→ I0 � x2 + Cf _x1. (9)

If the switch is turned on, the circuit’s state matrix is obtained

by Eq. 10.

⎡⎣ _x1

_x2

⎤⎦ � A1[x1

x2
] + B1[VDC

I0
], (10)

where A1 �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0 − 1

Cf

1
L

−RC

L

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, B1 �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0

1
Cf

0
RC

L

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
Furthermore, if the switch is turned off, the circuit’s state

matrix is defined as it is in Eq. 11.

FIGURE 7
Outputted three-phase voltage from the inverter side to the grid. (A) In the case of using the fuzzy MPPT, and (B) P&O MPPT
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⎡⎣ _x1

_x2

⎤⎦ � A2[x1

x2
] + B2[VDC

I0
], (11)

where A2 �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
0 − 1

Cf

1
L

−RC

L

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, B2 �
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 − 1
Cf

−D
L

−RC

L

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
So, it is possible to express the result of these two in Eq. 12.

_̂x � Ax̂ + Bû + [(A1 − A2)x + (B1 + B2)u]d̂. (12)

Eq. 12 is converted using Laplace’s equation and then stated

as a state variable becoming as it is in Eq. 13.

[x1(s)
x2(s)] � 1

s2 + Rc
L s + 1

LCf

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
s + Rc

L
− 1
Cf

1
L

s

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0
1
Cf

−D
L

Rc

L

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

×[VDC(s)
I0(s) ] + 1

s2 + Rc
L s + 1

LCf

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
s + Rc

L
− 1
Cf

1
L

s

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

× ⎡⎢⎢⎢⎢⎢⎣ 0 0
1
L

0
⎤⎥⎥⎥⎥⎥⎦[VDC(s)

I0(s) ].
(13)

Eq. 13 is then used to get the equation for IL, which is it is in

Eq. 14

ÎL(s) � −Ds
L

s2 + Rc
L s + 1

LCf

V̂DC(s) + Rcs

s2 + Rc
L s + 1

LCf

Îo(s)

+
s
L

s2 + Rc
L s + 1

LCf

V̂DC(s)d̂(s). (14)

Assuming V̂DC= 0 and V̂DC= 0, the transfer function between

inductor current and duty ratio is given by Eq. 15 as follows.

vo � IL(s)
d(s) � s

L
VDC/(s2 + Rc

L
s + 1

LCf
). (15)

MPPT algorithms: Designs and
specifications

To maximize the power of a wind power system, an MPPT

(maximum power point tracking) controller or regulator must be

used to manage the chopper. There are numerous techniques of

MPPT control.

The different MPPT algorithms mentioned in the study will

be summarized and discussed in this section. Each of these

algorithms will be examined in terms of interior architecture

design and interior running algorithm steps. Those MPPT

algorithms will be cited in four subsections as follows.

Perturbation and observation (P&O)–
based MPPT algorithms

This method, based on a relatively simple algorithm,

allows us to search for the maximum power point without

using the wind speed sensor and without knowing the curve

of the aerodynamic characteristics. Despite its advantages,

this control algorithm is not effective in medium- and high-

power wind systems (Murthy and Rahi, 2017; Mohamed et al.,

2018).

Disturbance–Perturbation and Observation (P&O) is one of

the MPPT algorithms that can be used to track maximum system

power. It is defined by the system disturbance algorithm and the

observation of the wind turbine’s output power. When it is

reaches the pinnacle of the power, it will oscillate about the

optimal output voltage after the maximum power point is

reached. The principle of this algorithm can be visualized in

the flowchart steps as shown in Table 1. This algorithm needs

fixing by adjusting the P&O step size, which is mentioned as “D”

in this algorithm (Nousek et al., 2006). The used value has no

fixed rules for choosing, but even if the value is minimum, the

precession will be better; however, the rapidity factor will

decrease. This is the inverse if the chosen value is larger

(Lenzen and Wachsmann, 2004).

Fuzzy logic MPPT algorithms

The fuzzy logic-based MPPT methodology was recently

established as one of the intelligent ways used in wind

systems to detect and track the operating point

corresponding to the greatest power regardless of wind speed

(Hui et al., 2011). When compared to traditional control

techniques, this control is more robust and does not require

a precise understanding of the system’s mathematical model.

Fuzzification, inference engine, and defuzzification are the main

three functional blocks of a fuzzy logic supervisor. As a result, it

is distinguished by input variables, output variables,

membership functions, and fuzzy rules. The success of any

fuzzy controller depends on variable information, such as the

number and the significance of any chosen input, the

fuzzification method, and the number of rules.

For this case of application and based on numerous tests

applied before in the study by Zerouali et al. (2019) and

Elaissaoui et al. (2020) and in our previous works, the chosen

variables are related to these three signals.

The variation in rotor speed : eωr(k) � ωr(k) − ωr(k − 1).
The variation in the given electric power: ePe(k)
� Pe(k) − Pe(k − 1).

The variation in the outputted DC power : eVDC(k)
� VDc(K) − VDC(k − 1).
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The maximum power point tracking principle if using the

fuzzy controller is illustrated in the different steps in Table 2.

PSO-based MPPT algorithm

The PSO is a computer method for solving problems by

iteratively enhancing a candidate solution in terms of a quality

metric (Cheng et al., 2014). This begins with a collection of

random potential solutions known as particles. In order to find

the best answer, these particles are pushed around in a

multidimensional search space (Abdullah et al., 2012b).

The next position is determined by the best-known position

of each particle as well as the best-known position of all other

particles combined (the swarm). The following two Eqs 16, 17 are

used to update the particle position and velocity iteratively

(Abdullah et al., 2018).

xk+1
i � xk

i + vk+1i , (16)
vk+1i � ωvki + c1r1{Pbesti − xk

i } + c2r2{Gbesti − xk
i }, (17)

where ѡ is the inertia weight, c1 and c2 are the acceleration

coefficients, r1 and r2 are two random values between (0, 1), Pbesti

is the personal best position of particle i, and Gbesti is the best

position of the particle swarm.

The position (x) of any particle is used as the current duty

cycle value that can be applied for controlling the inverter.

The designed PSO-based MPPT algorithm is to maximize the

converter input power and by assuring the minimum variation

inside these essential parameters to assuring the stability of the

given power. So, the built objective function is illustrated in Eq. 18.

F � max(Pe) +min(ePe). (18)

Table 3, depicts the flow chart rules for the PSO-based MPPT

algorithm used in the WECS system.

Neural network MPPT algorithm

The neural network solution is classified as an intelligent

control solution, which can learn from an existing database for

making the best decision for any condition (Villegas-Mier et al.,

2021). The performance of any kind of neural network controller

depends basically on the database size and events. But essentially,

the neural network architecture has an impact on the global

performance of this intelligent supervisor (Messalti et al., 2017).

Even the complex architecture not only has a good impact on the

performance but also has a bad impact on the learning phase and

the overall algorithm rapidly. Various architectures exist in the

literature, and the choice of the input variable can make this

controller successful or not.

The overall steps for making a neural network controller

adaptable for any control application can be seen in the steps

mentioned in Table 4. The output value of the NN-MPPT is

attached directly to the inverter duty cycle (Messalti et al., 2017;

Zečevič and Rolevski, 2020).

Results and discussion

As mentioned in the study objective, the simulation results

try to show the efficiency of each MPPT algorithm and prove

what benefit can be obtained if each one of these were

optimized. The conventional MPPT method is used first,

and then the optimization solution that is related to ant

colony birds is implemented. In a third test, the artificial

intelligence solutions based on fuzzy technology or the neural

network method are implemented and tested. The

performance analysis is based on the possible obtained

power that can appear even using any of these methods.

On the other side, the form of the power signal sharpness

is a performance factor that is used for classifying the best

option for MPPT control.

Simulation conditions

For a total simulation time equal to 5 s, the given wind speed

form has three different levels. For the first 1.5 s, the wind speed is

equivalent to 8 m/s, and until 3.5 s, the wind speed increases to

11 m/s. Next, and for the rest of the simulation time, the wind

speed is equivalent to 12 m/s.

The used algorithms’ specifications are illustrated in

Table 5. This table shows the configuration of each MPPT

algorithm.

It is mandatory to mention the specifications of the wind

system design, performance, and its power electronic

parameters. All of this is mentioned in Table 6. The

coefficient of performance Cp is maintained at its largest

value and the pitch angle 0 when the WECS operates under

the MPPT control.

So based on these specifications, in relation to the wind

system or the used controllers, the results were built using the

MATLAB Simulink application. This simulation was

implemented on an I7, 16 Go laptop and for a simulation

period equivalent to 5 s. The given wind speed form has three

different levels. The wind speed starts at 8 m/s, then it moves to

11 m/s, and then it increases to 12 m/s.

Figure 3 shows the wind speed form for the simulation time

allowed. The speed change forms were chosen as a step form in

order to make the excited MPPT controller and supervise the

feedback in terms of rapidity and stability.

The corresponding electrical generator speed will have the

same form as the complement is mechanical between the main

shaft of the wind block and the rotor block. Figure 4 shows the

corresponding rotor speed. Some perturbation exists on the
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rotor speed as some defaults were applied on the motor

parameters at instance 3.8 s and 2.5 s. This was made in

order to test the MPPT regulator’s efficiency and robustness

next. In order to present the electrical generator specifications,

Figure 5 gives a clear view of the electromagnetic torque that

exists inside the motor. Even the faults made have an impact on

the machine torque performances.

So, for these specifications inside the electrical generator,

obtained from the wind speed, in the allowed simulation period,

the electrical signals outputted from the machine are shown in

Figure 6.

Cost saving and performance of each
MPPT technique

Based on the outputted results from the DC/DC converter

after applying the different MPPT control topologies, it is clear

that the performances of the MPPT are different and each

method has its benefits. Table 7 resumes the statistics

regarding the DC/DC voltage outputted if using each of these

MPPT control topologies.

The influence of these different output voltages from the DC/

DC converter on the output inverter side will be as it is in Figure 7. In

this figure, just the best and the worst results were slated in order to

clarify the difference between the two extreme cases. The different

cases were then classified, based on the level of outputted power and

the given signal oscillation rank, and possible maximum exceeding

voltage. The results show that the fuzzy MPPT is the best solution.

Therefore, the three-phase voltages were examined only for the case

of MPPT P&O and MPPT FUZZY.

Future endeavors

Future trends will mostly concern the extensive use of

optimization techniques and hybrid methodologies for

MPO-based algorithms. Optimizing produced step sizes

using simpler MPO methods appears to be a potential study

subject. Other new algorithms as the Mexican AXOLOTL (Rao

et al., 2022) can be a useful tool and can be also tested as an

optimization algorithm for the MPPT control method. More

techniques can be tested and evaluated based on the newly

discovered optimization tools.

In addition, we will investigate hybrid systems, in which the

control system is used by integrating more than one algorithm in

order to make the control lucrative and efficient. On the other hand,

and in relation to the government policy, which encourages using

photovoltaic systems for producing energy from small microgrids,

the test of these MPPT techniques for this kind of generators can

help increase the grid stability and improve the energy yield.

Actually, the specification of the PV systems is a more

complicated face of the wind systems, as a possible shading

phenomenon can appear on the panels and a factor of radiation

is very active,making the stability of the given power not satisfactory.

Therefore, one of the future endeavors of this work is to test those

techniques on the photovoltaic generators and get feedback on each

solution and then make a decision about the best control method

that can improve the global yield.

Conclusion

In this study, the wind system efficiency was examined. The

efficiency of this wind generator was tested under various

maximum power point tracking topologies, where the given

electrical signal form was evaluated from the DC/DC

converter side and after the DC/AC inverter side to be

connected to the grid. The different control topologies were

evaluated based on the possible given voltage level and signal

specification for different wind speed forms. Basically, the P&O,

the PSO, the fuzzy, and the neural network solution were formed

to be adapted to control the MPPT block of the DC/DC

converter. The given results show that the fuzzy MPPT

topology was found more suitable as it comes with the

maximum output voltage (122 V) and with less voltage

variation (28 V), for the same simulation conditions. This

control model has influenced positively the given outputted

three-phase voltage. Therefore, fuzzy control topology seems

more efficient for such applications. However, the proposed

system still has more points to be adapted and ameliorated.

The inverter side needs to be controlled too. On the other hand,

working on the pitch angle control still has many drawbacks and

maybe if integrated, the proposed control topologies can open

some perspectives for this studied system.
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